This study was conducted with the aim of examining the location, the morphology, and numerical distribution of mast cells in the different areas of the healthy adult dog skin. Skin samples taken from the cheek, pinna, thorax and thigh areas of 10 healthy dogs were used as the study material. The results show the existence of mast cell heterogeneity in dog skin with respect to staining with alcian blue / safranin O and formaldehyde fixation sensitivity. Mast cells characterized by four combination of these parameters were observed: Mast cells containing only alcian blue-positive granules which were formalin-sensitive, mast cells containing only alcian blue-positive granules which were formalin-resistant, mast cells containing only safranin O-positive granules which were formalin resistant and mast cells containing a mixture of alcian blue-positive and safranin O-positive granules which were formalin resistant. With toluidine blue staining method, it was founded that IFAA fixed tissues were contained more mast cells than those tissues fixed with the 10% formaldehyde in all four regions. The difference in average number of mast cells per mm² between the IFAA and the 10% formaldehyde fixed tissues was statistically significant (p<0.001). In the cheek area, whilst the difference between superficial dermis and deeper dermis in terms of the average mast cell count per mm² was not statistically significant (p>0.05), in the other three areas, statistically significant differences (p<0.001) were found. In the pinna, thorax and thigh areas, superficial dermis contained more mast cells than deeper dermis. In both fixations the highest number of mast cells was observed in the skin of the pinna (p<0.001).
Introduction
The mast cells which play role in both physiological and pathological events have been reported to secrete biologically active substances like heparin, histamine, serotonin, platelet activating factors, neutrophil chemotactic factors, proteolytic enzymes, leukotrienes and prostaglandins in response to mechanical, chemical and immunological stimuli (29) . The dermal mast cell mediators that take part in events preceding inflammation and the ability to respond quickly to allergens are considered the first line of defense protecting in the skin against antigens (4) . In view of their location close to the nerves and blood vessels, they have also been reported to play a role in the regulation of blood flow to the skin by means of neuropeptides when stimulated (4, 17) . Mast cell are the principal effector cells in IgE-dependent hypersensitivity reactions. Mast cells are capable of synthesising and responding nerve growth factor (NGF) (27) .
When morphological, biochemical and physiological differences are considered, mast cells are identified in two types as mucosal mast cells (MMC) and connective tissue mast cells (CTMC) (7, 13, 14) . It has been shown that the formalin sensitive granules of the MMC stain AB(+) (14) in the combined AB/SO stain (8, 13, 26) whilst those of the CTMC granules stain as formalin resistant (8, 13, 26 ) SO(+) granules (14) . For the fixation of the formalin sensitive MMC the use of any one of the solutions as isotonic formaldehyde-acetic acide (IFAA), Carnoy's and Mota is recommended (13) . While the CTMC are designated typical mast cells, the MMC are designated atypical mast cells (2, 13) . These two subtypes of mast cells differ in their glucosaminoglycans, protease and histamine contents. The response of these cells to their stimulators and inhibitors are also different (5) . Histamine contained granules of mast cells have been linked with the classic allergic reactions (4). Marshall and Bienenstock (20) have reported that the mucosal mast cell granules to be rich in chondroitin sulphate whereas the connective tissue mast cell granules are rich in heparin. It has been suggested that whilst the atypical mast cells are responsible for the early phase response against antigens in the skin of the dog, the typical mast cells may be responsible for the late phase response (3). Mast cell play roles in type I hypersensitivity reactions (17, 20) and in skin diseases like contact dermatitis and fibrosis (25) . These type I hypersensitivity reactions have a role in the formation of atopic dermatitis in the dog (9, 25) .
The present study was carried out to determine distribution of mast cell numbers and subtypes in the dog according to skin location, staining and fixation method and this help to evaluate their role in skin diseases.
Materials and Methods
In the study, skin samples taken from the cheek, pinna, thorax and thigh areas of 10 healthy dogs were used as the study material. Punch biopsies were obtained from each site.The specimens were divided into two portions. One portion of the specimen was fixed in 10% formaldehyde and rinsed in top water later. The remaining portion was fixed in isotonic formaldehydeacetic acide (IFAA, pH 2,9) solution for twelve hours and kept for another twelve hours in 70 % alcohol. Both portions were then passed through a series of varying degrees of alcohol, methylbenzoate and benzol and finally blocked in paraplast (13) . Then, took 6 µm serial sections.
Sections were stained with 5% toluidine blue (prepared in a buffer of Mc Ilvaine's citric acid disodium phosphate, pH 4), and with a combined alcian blue / safranine O (AB/SO) method (14) : from the above mentioned serial sections, 10 sections (each 6 µm thick) were selected, i. (14) .
The skin and intestine of rat used as the control. For to determine the numerical distribution of the mast cells in the toluidin blue stained sections, cell counts per ocular 100 squares micrometer (eyepiece graticule) was used. Under the 40x magnification objective, the number of cells per unit area in the 100 squares were counted. In each section, the number of cells from ten different areas selected at randomly in both superficiale dermis and deeper dermis were counted (6) . Later, all the numerical data were converted to number of mast cells per unit area (mm²).
The difference in the average mast cell count between fixations and between the layers of the dermis were determined by the Wilcoxon analysis (19) in each region. However, for every fixation, the difference among regions was analyzed by the Kruskal-Wallis test (19) .
Results
The mast cells from the cheek, pinna, thorax and thigh areas of the dog skin were easily identified because of their exhibition of metachromasia upon staining with toluidine blue after fixation with IFAA and 10% formaldehyde ( Figures 1, 2 , 3 arrows). Mast cells from the IFAA fixed tissue (Figures 1, 3 ), were noted to be more preserved and their granules stained dark than those from the tissue fixed with 10% formaldehyde (Figure 2 ).
Mast cells were observed to be oval, round, or spindle-shaped with different sizes. Because the cytoplasm of the cells were homogeneously stained, the granules could not be individually identified (Figures 1,  2, 3 arrows) . In some cells, the nuclei were also observed to be covered by this homogeneous mass.
Mast cells (Figures 1, 2, 3 formalin resistant and mast cells containing a mixture of alcian blue-positive and safranin O-positive granules ( Figure 5 , arrow head) which were formalin resistant. It was also observed that tissue fixed with IFAA had a greater proportion of stained cells, in which the majority were AB(+) stained, than those cells fixed with 10% formaldehyde. However, SO(+) and AB/SO(+) stained granules were relatively rare.
Results of the cell counts and statistical analysis to determine the numerical distribution of the mast cells in the cheek, pinna, thorax and thigh areas of the dog skin are shown in tables 1-4. In the serial sections counted, it was founded that IFAA fixed tissues were contained more mast cells than those tissues fixed with the 10% formaldehyde in all four regions. The average mast cell count per mm² in the superficiale dermis and deeper dermis are similar in the cheek area. However, in the pinna, thorax and thigh regions, the mast cell count was found to be higher in the superficiale dermis than in the deeper dermis. In the four different areas fixed with I-FAA, it was found that pinna had significantly (p< 0.001) more mast cells than the other three regions. There were no significant differences among remaining regions. However, in 10% formaldehyde fixed tissues, mast cell numbers were in the following order; pinna, thigh, cheek, thorax. 
Discussion and Conclusion
Identification of the mast cells by basic dyes like toluidine blue, thionine and azure A, with which the specific granules stain metachromatically is an acceptable method (13, 14, 24) . It has been shown that mast cells in the IFAA fixed tissue are more preserved, more prominent (13, 14) , and have much more dense stained granules (14) . It has been reported that mast cells were observed especially around blood vessels, nerves, hair follicles (15, 18) , sebaceous and sweat glands in the skin (2, 10, 12, 22, 28) . In sections which stained with toluidine blue and examined under the light microscope, it has been shown that these metachromatic granules are not identifiable individually (13, 14) and that in some cells even the nucleus is covered with these homogeneous substance (18) . The findings from this study conforms with that of the researchers (2, 10, 13, 14, 15) .
In a study (21) conducted on the formalin sensitivity and staining properties of the mast cells of the human skin stained with the combined AB/SO staining, four different types of mast cells (the formalin sensitive only AB(+) and formalin resistant only AB(+), formalin resistant only SO(+), and formalin resistant AB(+) and SO(+) mixed granular cells), were observed. It is also reported that the majority of mast cells were formalin sensitive AB(+) MMC (21) . Whilst in a study on rat skin, El Sayed and Dyson (11) found that tissue fixed with formaldehyde and stained with the combined AB/SO staining to have a majority of mast cells being AB(+) and a much lesser SO(+) and the least number of AB/SO(+) mixed granules, in those tissue fixed in the Carnoy's solution and stained with the AB/SO combined staining, only mast cells containing AB(+) granules were observed. This finding was attributed to the presence of mast cells containing Carnoy's solution sensitive formalin fixable SO(+) granules in the skin of the rat (11) . This fixation and staining properties support the idea that number of mast cells in the formaldehyde fixed tissues is higher than that in the Carnoy's fluid fixed tissues in the toluidine blue stained sections (11) .
In the study, tissues fixed with both the IFAA and the 10% formaldehyde solutions were observed to have mast cells that exhibited only blue stained AB(+) granules, only red stained SO(+) granules and stained with red and blue as mixed granular AB/SO(+) when stained with the AB/SO staining. It was remarkable that IFAA fixed tissues had more stained cells in comparison to the 10% formaldehyde fixed tissues. Majority of which cells had AB(+) granules. However, the cells including SO(+) and mixed AB/SO(+) granules were in minority. The results of this study are agree with those of Marshall et al. (21) . However, the results of this study differ from those of El Sayed and Dyson's (11) in which fixaton in the Carnoy's fluid and staining with the AB/SO stain showed mast cells containing only AB(+) granule, and the 10% formaldehyde fixed tissues compared with the Carnoy's fluid fixed tissues showed much more mast cells. Tissues of the human (21) and dog (1, 2) skin have been shown to contain much more mast cells when fixed in the Carnoy's or Mota fixatives than in 10% formaldehyde. The results of the study agrees with that of these researchers. IFAA fixed tissues were contained more mast cells than those tissues fixed with the 10% formaldehyde in all four regions. The difference in average number of mast cells per mm² between the IFAA and the 10% formaldehyde fixed tissues was statistically significant (p<0.001).
Mast cells have been shown to be much more abundant in the superficial dermis than in the deeper dermis in the skin of humans (9, 10, 21, 28) , chicken and quails (18) , and the dog (2, 23). However, it was more abundant in the deeper dermis than in the superficial dermis in rats (11, 23) . In studies conducted on mast cells from the different areas of the skin, the highest number of mast cells was reported in the pinna (1, 12, 16) . In present study, in the cheek area, whilst the difference between superficial dermis and deeper dermis in terms of the average mast cell count per mm² was not statistically significant (p>0.05), in the other three areas, statistically significant differences (p<0.001) were found. In the pinna, thorax and thigh areas, the mast cell count were higher in the superficial dermis than in the deeper dermis.
In conclusion, among the four different areas examined in present study, due to the finding of the highest number of mast cells in the pinna area in tissue fixed in both fixations, was reason for our support of the view of Auxilia and Hill (1) that the pinna is one of the predilection sites in atopic dermatitis.
